Background/Objectives: The purpose of diet-quality indices is to assess and guide individual dietary intake for the promotion of health and prevention of disease, and food based dietary-quality indices need to be applied by using each country's own unique diet. We assessed the relationships between relatively simple dietary quality scores modified for a Korean diet, such as the Recommended Food Score (RFS) and alternate Mediterranean Diet Score (aMDS), and oxidative stress biomarkers in Korean adults. Subjects/Methods: A total of 976 adults were recruited for the Biomarker Monitoring for Environmental Health Study between April and December 2005 in Seoul and Incheon, Korea. RFS and aMDS were calculated by using a food-frequency questionnaire. We used regression analyses to assess the associations between diet quality scores and urinary malondialdehyde (MDA) and 8-hydroxy-2 0 -deoxyguanosine (8-OHdG). Results: RFS and aMDS were negatively associated with urinary MDA concentrations (P ¼ 0.032 for RFS, P ¼ 0.043 for aMDS), but not with 8-OHdG after adjusted for potential covariates. After stratified analyses by sex, negative associations between the both scores and urinary MDA concentrations were not significant in both men and women. There were no significant associations of RFS and aMDS with urinary 8-OHdG concentrations. Conclusions: Higher RFS and aMDS scores were related to lower oxidative stress. Therefore, good quality of diet may be useful in reducing oxidative stress.
Introduction
Valid estimation of habitual food and nutrient intakes is fundamental to study of relationships between diet and health status. Since diets are usually consumed in combinations of foods, a single food or a single nutrient approach does not address the complexities of the diet. The measurement of overall diet quality has been used to determine the associations between whole foods and health status. Several indices to assess overall diet quality have been proposed (McCullough et al., 2002; Arvaniti and Panagiotakos, 2008; Wirt and Collins, 2009 ). The major indices are the healthy eating index, the alternate healthy eating index, the healthy diet indicator, the Recommended Food Score (RFS), the diet quality index, the Diet Quality Score, the Mediterranean Diet Score (MDS) and the alternate Mediterranean Diet Score (aMDS). The majority of indices are based on national nutrition recommendations and national dietary guidelines specific to the country where the tool was developed. Most indices are based on food groups and nutrients, whereas RFS, MDS and aMDS are based on foods and food groups. The RFS was constructed from foods recommended in the current American dietary guidelines (Kant et al., 2000) and the aMDS was modified from the original MDS to use with a foodfrequency questionnaire (FFQ) (Fung et al., 2005) . Thus, diet quality indices based on foods and food groups are relatively simple method to assess diet.
Reactive oxygen species and nitrogen species react in the body and attack various substrates including lipids, nucleic acids and proteins. Oxidative stress is believed to be involved in diseases such as diabetes, cardiovascular disease, and cancer and a key component of inflammatory reactions and considered to be an important pathophysiologic process (Taylor, 1993; Poulsen et al., 1998; Dandona et al., 2004) . These chronic diseases account for an enormous amount of morbidity and mortality; therefore reduction of these disease risks is a critical public health priority. Among the protective mechanisms including protective enzymes, antioxidant or quenching compounds produced by the organism, and similar compounds made available in the diet, the primary defensive compounds are antioxidants, such as vitamin C, vitamin E, b-carotene, and flavonoids and so on, that can react with quench reactive radical species (Institute of Medicine, 2000) . Also, food intake has been related to oxidative stress modulation and controlling antioxidant intake has been reported to protect against oxidative damage and related inflammatory complications (Holt et al., 2009 ). Many functional biomarkers are being studied including various measures of lipid, DNA and protein oxidation. Among these biomarkers, malondialdehyde (MDA) complies as one of the earliest markers for lipid oxidation (Wong et al., 1987) and 8-hydroxy-2 0 -deoxyguanosine (8-OHdG) is one of the most commonly used markers for assessing DNA damage (Loft et al., 1994; Kasai, 1997) .
Because the purpose of diet-quality indices is to assess and guide an individual's dietary intake for the promotion of health and prevention of disease, food-based dietary-quality indices need to be applied using each country's own diet. The objective of this study was to investigate the association between relatively simple dietary quality scores, such as RFS and aMDS, and oxidative stress biomarkers in Korean adults.
Subjects and methods

Participants
Participant recruitment and study methods have been described in detail previously (Yang et al., 2009) . Briefly, a total of 976 adults were recruited for the Biomarker Monitoring for Environmental Health Study between April and December 2005 in Seoul and Incheon, Korea. This study excluded subjects who reported a history of diseases possibly influencing oxidative stress levels, such as cancer, ischemic heart disease, cerebrovascular accidents, tuberculosis, acute hepatitis, chronic bronchitis, arthritis or asthma (n ¼ 124), as well as those who reported implausible dietary intake (o500 kcal or 45000 kcal) (n ¼ 31). The final subjects were 976 adults. A structured questionnaire, including information on demographics, smoking, alcohol intake, exercise, medical history and environmental exposure was administered and completed by trained interviewers. Blood and urine samples were collected in the morning after a 12 h fast and stored at À70 1C until analysis. This study was approved by the Institutional Review Boards of the Ewha Womans University Hospital and Inha University Hospital, and informed consent was obtained from all subjects.
Assessment of dietary intake
Dietary data were collected by trained interviewers by asking participants their usual intake with a food-based FFQ. The FFQ asked each participant to identify the usual frequency of consumption of 106 food items during the past year and the average serving size consumed. The FFQ consisted of nine frequency responses ranging from 'never or rare' to '3 times per day', and three serving size categories. For food items with different seasonal availability, the subjects were asked to give the period that they were consumed among four categories: three, six, nine or 12 months. The procedures for development and validation of the FFQ were reported in detail elsewhere (Ahn et al., 2003 (Ahn et al., , 2007 . Intake information from the FFQ was used to calculate RFS and aMDS. The estimated average requirements (EAR) were used to assess nutrient intakes. (The Korean Nutrition Society, 2005) .
RFS and aMDS
The RFS is based on reported consumption of foods bearing high amounts of antioxidant nutrients. Consistent with Kant et al. (2000) , we modified RFS appropriate to the Korean diet to measure overall diet quality. Briefly, because current dietary guidelines emphasize the consumption of whole grain, legumes, vegetables, fruits, fish, dairy products, nuts and tea (Jang et al., 2008) , participants received 1 point for a recommended food if they consumed the food at least weekly. With regard to 'daily frequency of meals', participants received 1 point if they ate three meals daily on a regular basis. A total of 46 foods or food groups corresponding to recommended food groups were selected and one response for 'daily frequency of meals' was used to calculate RFS. Thus, the maximum possible score was 47. Food items for the RFS were as follows: daily frequency of meals (1), grains (1), legumes (4), vegetables (17), seaweeds (2), fruits (12), fish (5), dairy products (3), nuts (1) and tea (1) ( Table 1) . As urinary MDA and urinary 8-OHdG do not have objective normal ranges, the sensitivities and specificities of RFS and aMDS were calculated in terms of hypertension, hypercholesterolemia, diabetes and obesity (Panagiotakos et al., 2007) . The RFS was evaluated by the diagonal line of the receiver operating characteristic (ROC) curve used in the study by Panagiotakos et al. (2007) . The sensitivities of defining people with hypertension, hypercholesterolemia, diabetes and obesity were 62%, 54%, 73%, and 65%, respectively. The specificities of defining healthy individuals were 67%, 65%, 68% and 58%, respectively. Hypertension was defined as systolic/diastolic blood pressure levels X140/ 90 mm Hg or use of antihypertensive medication; hypercholesterolemia was defined as total serum cholesterol levels 4200 mg/dl or use of lipid-lowering medication; diabetes was defined as fasting blood glucose levels 4125 mg/dl or use of special treatment; and obesity was defined as body mass index X25 kg/m 2 . The MDS was developed by Trichopoulou et al. (1995 Trichopoulou et al. ( , 2003 and modified by Fung et al. (2005) . We modified the aMDS slightly, appropriate to the FFQ developed in Korea. The original MDS was based on the intake of nine items: vegetables, legumes, fruit and nuts, dairy, cereals, meat and meat products, fish, alcohol and the ratio of monosaturated to saturated fat (Trichopoulou et al., 1995 (Trichopoulou et al., , 2003 . The aMDS was modified from the original scale by excluding potato products from the vegetable group, separating fruit and nuts into two groups, eliminating the dairy group, including whole grain products only, including only red and processed meats for the meat group, and assigning alcohol intake between 5 and 25 g/day for 1 point (Fung et al., 2005) . We adapted and modified the aMDS to appropriate for Korean dietary patterns and eating behavior. In our aMDS, we included laver and kelp/sea mustard in the vegetable group due to a frequent intake of seaweeds, and used multigrain rice as whole grain group. We excluded the ratio of monosaturated to saturated fat due to a lack of information on the fatty acid content of foods in the Korean Food composition table and we also excluded nuts due to a low consumption frequency. Intakes above the median of the study subjects received 1 point and all other intakes received 0 points except the consumption of red and processed meats. Less than median consumption of red and processed meats received 1 point. Possible scores on the aMDS ranged from 0 to 7 (Table 1 ). The aMDS was evaluated by the diagonal line of the ROC curve used in the study by Panagiotakos et al. (2007) . The sensitivities of defining people with hypertension, hypercholesterolemia, diabetes and obesity were 59%, 63%, 78% and 67%, respectively. The specificities of defining healthy individuals were 70%, 57%, 65% and 56%, respectively.
Urinary MDA, 8-OHdG and creatinine levels Urinary MDA levels were determined by measuring thiobarbituric acid reactive substances. A volume of 50 ml of the upper layer of centrifuged urine samples were mixed with 300 ml of 0.5 M phosphoric acid solution and 150 ml of 23 mM thiobarbituric acid solution (Sigma-Aldrich T-5500, Steinheim, Germany) and boiled at 95 1C for 60 min. The mixture was then cooled in ice water and centrifuged at 5000 Â g after the addition of 500 ml of methanol. The absorbance was measured at 532 nm. Urinary levels of 8-OHdG were measured using an 8-OHdG Check ELISA kit (JalCA, Fukuroi, Japan).
Urinary creatinine levels were measured using a HITACHI 7600 instrument (HITACHI, Tokyo, Japan) for the adjustment of dilution of biomarker levels in urine. Briefly, 10 ml of urine and 300 ml of picric acid solution (Wako, Osaka, Japan) were mixed at room temperature for 3 min, and absorbance of the solution was measured at 505 nm. A volume of75 ml of alkaline solution (Wako) was added for 4 min and absorbance of the solution was measured at 570 nm. The mean of the two values measured at 505 nm and 570 nm was Criterion for 1 point is greater than median intake (servings/day); 0 points if these criteria were not met. b Criterion for 1 point is less than median intake (servings/day); 0 points if these criteria were not met. Criterion for 1 point is between 5 and 25 g per day; 0 points if these criteria were not met.
Diet quality scores and oxidative stress JY Kim et al used as the creatinine level. The results for urinary MDA and urinary 8-OHdG were expressed as mmol/urinary creatinine and mg/urinary creatinine, respectively.
Statistical analysis
All statistical analyses were performed using the SAS software (version 9.1, SAS Institute Inc., Cary, NC, USA). Creatinine adjustments were used to correct for urine dilution. The subjects were categorized into quartiles by RFS and aMDS. The results for parametric data are expressed as mean ± s.d. General characteristics are expressed as frequencies and percentages. Cutoff point analysis was applied to determine the optimal values of the RFS and aMDS. Cutoff points for RFS and aMDS were 36 and 5, respectively. Greater than 36 points for RFS and greater than 5 points for aMDS mean a good quality diet. Alcohol consumption status was categorized into non-drinker, former drinker or current drinker by asking 'don't you drink alcohol?'. Smoking status was categorized into non-smoker, former smoker or current smoker by asking 'have you ever smoked more than 400 cigarettes so far?'. Regular exercise was categorized into yes or no by asking 'do you exercise regularly?'. Analysis of variance and w 2 -test were applied to determine differences in means or distributions of general characteristics across the RFS and aMDS quartile groups. The characteristics showing significant differences across the RFS and aMDS quartile groups were adjusted in the multiple linear regression models as confounders. The general linear model was used to test mean differences in nutrient intakes among the groups. When statistically significant differences were determined, Tukey's multiple comparison test was used to identify group differences.
The trend tests were conducted by treating the median values of RFS and aMDS of each quartile group as continuous variables in a multivariate model after inputting the median values of RFS and aMDS into each group. Two different multiple regression models were applied to examine the associations of RFS and aMDS with oxidative stress indices. Age and sex were adjusted as confounders in the first model. Among the variables related to oxidative stress, variables showing significant differences across the RFS and aMDS quartile groups were adjusted in the second model. Key confounders were age, sex, body weight, alcohol (nondrinker, former drinker or current drinker) and smoking (non-smoker, former smoker or current smoker). All statistical analyses were two-sided and P-values o0.05 were considered significant.
Results
The study subjects consisted of adults aged 29 to 79 years, sampled in two urban areas. Men made up 48% of the total number of subjects. The mean ages of men and women were 50.4 years and 51.8 years, respectively. The mean ( ± s.d.) diet-quality scores of our 976 participants were 19.8±10.6 for RFS and 3.2±1.5 for aMDS. The mean scores of RFS (22.7 ± 10.3) and aMDS (3.4 ± 1.4) in women were higher than the mean scores of RFS (16.6±10.0) and aMDS (2.9±1.5) in men. Table 2 presents the general characteristics of the subjects by RFS and aMDS groups. The mean age of the fourth quartile group was higher than that of the first quartile group and the proportion of men decreased across quartiles for both scores. Lower heights and weights were noted with higher RFS and aMDS scores. On both dietaryquality indices, individuals who scored high were less likely to be smokers or current drinkers; in contrast, levels for education and physical exercise did not vary.
Comparisons of means for nutrient intakes among the RFS and aMDS groups are shown in Table 3 . In RFS, with the exceptions of vitamins A and C, all nutrient intake levels in the first quartile group were significantly different from those of the fourth quartile group. Intakes of protein, lipid, calcium, iron, vitamins A, C, and E, zinc and folate increased across quartiles of RFS, but carbohydrate intake decreased across the quartiles of RFS after adjustment with energy, age and sex. With respect to aMDS, mean intakes of protein, calcium, iron, zinc, folate and vitamin E were significantly lower in the first quartile group than in the fourth quartile group after adjusted with energy, age and sex. Mean intakes of lipid, carbohydrate, vitamin A and vitamin C did not differ among the aMDS groups.
When we calculated the proportions of subjects who consumed major nutrients below the EAR, the highest quartile groups for RFS and aMDS showed lower proportions of subjects who consumed nutrients below EAR values as compared with the lower quartile groups (Figure 1 ). Among them, percentages for the consumption of zinc, iron, vitamin A and vitamin C below the EAR were reduced by similar proportions across quartiles for both scores. Even the highest quartile groups of RFS and aMDS showed relatively high proportions of subjects consuming less than the EAR for calcium, folate, and vitamin E, respectively. The distributions of the proportions consuming less than the EAR by the quartile groups of RFS and aMDS were similar regardless of scoring method. Table 4 shows the results of multivariate analyses on the relationships between diet quality scores and oxidative stress markers. Among the total subjects, both scores had significant negative associations with urinary MDA concentrations after adjusting for age and sex. In RFS, stratified analyses by sex showed similar results at P ¼ 0.063. However, in aMDS, the tendency of a negative association with urinary MDA concentrations was shown only in men (P ¼ 0.052). In model 2, RFS and aMDS were negatively associated with urinary MDA concentrations among the total subjects. However, after stratified analyses by sex, negative associations between both scores and urinary MDA concentrations were not significant in both men and women. There were no significant associations of RFS and aMDS with urinary 8-OHdG concentrations. 
Discussion
In the present study, we determined the associations between the different food-based diet quality scores and biomarkers of oxidative stress in Korean adults. In the multivariate regression analyses, RFS and aMDS were negatively related to urinary MDA concentrations, which suggest better quality of diet may have a role in reducing oxidative stress in Korean adults.
The association between antioxidant nutrient intake and diet quality scores used in this study (RFS and aMDS) could be explained by the dietary guidelines and assumed features of the Mediterranean dietary pattern, respectively, which are composed of abundant plant foods with a large potential amount of active dietary antioxidants (Kant et al., 2000; Visioli and Galli, 2001; Puchau et al., 2009) . RFS consisted of 46 food items having high antioxidant nutrients and one item for regular meals of three times per day. In the RFS, the participants received 1 point for each of the recommended foods. For example, a person could receive a score of 0 to 19 for vegetable and seaweed intakes in RFS. On the contrary, aMDS was applied as whole food categories not individual foods, therefore a person could receive a score from 0 to 1 for the intake of vegetables or seaweeds. When total energy intake was adjusted, intakes of vitamins A, C and E increased across the RFS groups, however, intake of vitamin E but not of vitamins A and C increased across the aMDS group although both RFS and aMDS showed significant negative correlations in MDA concentrations. The partial correlation coefficients after adjusting for total energy intake between RFS and vitamin C, zinc, folate and vitamin E were 0.122 (P ¼ 0.003), 0.315 (Po0.0001), 0.401 (Po0.0001) and 0.428 (Po0.0001). The partial correlation coefficients after adjusting for total energy intake between aMDS and vitamin C, zinc, folate and vitamin E were 0.007 (P ¼ 0.829), 0.190 (Po0.0001), 0.368 (Po0.0001) and 0.335 (Po0.0001).
The EAR is the nutrient intake value estimated to meet the requirement of 50% of individuals in life-stage and gender groups (Barr et al., 2002) . The EAR is the most appropriate comparison standard for assessing nutrient intakes of groups. In this study, we calculated percentages for antioxidant nutrients intake less than the EAR in each quartile group in both types of scores. As was expected, the higher quartile group showed a lower percentage that consumed antioxidant nutrients below the EAR. Among those nutrients, percentages for the consumption of zinc, iron, vitamin A and vitamin C below the EAR were reduced by similar proportions across quartiles for both scores. With respect to calcium, folate and vitamin E, even the highest quartile groups of RFS and aMDS showed relatively high proportions All nutrients except energy were total energy adjusted by residual method after log transformation.
Diet quality scores and oxidative stress JY Kim et al of subjects who consumed less than the EAR. Calcium is a well-known nutrient with an insufficient consumption rate in Korea. Many studies report the ability of dietary intake to modulate antioxidant status after acute consumption of antioxidant rich foods (Maxwell et al., 1994; Pitsavos et al., 2005; Hassimotto et al., 2008; Modun et al., 2008) . Recent studies have suggested that dietary total antioxidant intake is positively associated with plasma total antioxidant capacity and also has significant associations with several dietary scores (Puchau et al., 2009) . In this study, we also showed that high RFS or aMDS means a high consumption of antioxidant-rich foods, which might decrease oxidative stress. Oxidative stress and inflammation-related indicators have been associated with the onset and development of chronic diseases (Fulop et al., 2006; Peres-Matute et al., 2009) . Reactive oxygen and nitrogen species can attack various substrates in the body including lipids, nucleic acids and proteins. Oxidized low-density lipoprotein has been hypothesized as a causative agent in the development of cardiovascular disease, and oxidized DNA may have a role in human carcinogenesis, although a causal relationship has not yet been firmly established (Poulsen et al., 1998) . Among biomarkers related to oxidative stress, MDA concentrations in plasma and urine have been reported to respond to alterations in antioxidant nutrient status (Winklhofer-Roob et al., 1995; Lepage et al., 1996; Dixon et al., 1998) . However, the dietary quality scores used in this study did not show any correlations with the biomarker for DNA oxidative stress, 8-OHdG. Although many epidemiological studies have used urinary 8-OHdG as a biomarker of interest, this biomarker has limitations. The 8-OHdG in urine may be influenced by metabolic rate (oxygen consumption), in addition, the 8-OHdG in urine is a function not only of oxidation of DNA but also of excision repair (Loft et al., 1994; Haegele et al., 2000) . For these reasons, the use of urinary 8-OHdG as a sole biomarker should be undertaken with caution because elevation in repair would increase excretion of 8-OHdG in the urine, which could be misinterpreted as an increase in DNA damage (Mayne, 2003) .
Limitations of the study need to be considered when interpreting the findings. Because it was a cross-sectional study, we cannot conclude the causality of diet quality scores and oxidative stress. Another limitation is that even though urinary MDA and 8-OHdG concentrations were adjusted by urinary creatinine, these concentrations were measured by spot urine samples. Despite these limitations, our findings suggest that good quality of diet may be useful in decreasing oxidative stress in Korean adults. Further studies are necessary to examine these findings in other research settings. Figure 1 The percentages for intake of major nutrients below the EAR in each quartile group. The first column is the first quartile group and the last column is the highest quartile group for each nutrient. Adjusted for age, sex, body weight, alcohol (non-drinker, former drinker or current drinker) and smoking (non-smoker, former smoker or current smoker).
